suicides are also unevenly distributed and suicide by people with mental illness (Saunderson & Langford, 1996) ; this is in may have to focus on environmental part due to local social conditions (Wilson as well as individual factors.
& Daly, 1997) . It follows that the clinical assessment and management of the risk of Aims To investigate possible violence and suicide by people with mental associations between violence, homicide illness should take account of local environand suicide rates. ~o~u l a t i o n density and mental factors, as well as the more familiar rates of homicide and recorded rates of all Method Coroneristatistics in London intewrsoml are reliable fides for homicide and suicide were obtained, to the total amount of violence in a distria; with police-reported homicide and second, that suicide, homicide and interviolence rates as avalidity check.
personal violence, as forms of violence,
Correlations were made between may vary together across the 32 London boroughs; third, that rates of homicide, these data and population density, violence and suicide should all be hieher " the Jarman under-privileged areas score, areas of high population density and and the Mental Illness Needs Index for deprivation.
each ofthe 32 London boroughs.
Results Homicide rates had a 14.3-fold M E T H O D range, suicide a 4.4-fold range and interpersonal violence a 6.6-fold range. The variables under study were strongly correlated with each other. Rates were highest in boroughs with high population density and deprivation scores.The associations persisted when covarying for deprivation, age structure or population density.
Conclusions Because violence, homicide and suicide are so closely correlated, they are likely to bevalid indices ofthe differences between adjacent boroughs; this has implications for the delivery of preventive and mental health services and for clinical managementof risk.
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The recent availability of statistics for coroners' homicide rates with improved validity (Noble & Charlton, 1994) Spearman's rank correlation coefficient was used to avoid assumptions regarding distribution. For analysis of covariance, Pearson partial correlations are given. All correlation coefficients are given with 99% confidence intervals. When Bonferroni's correction for multiple tests was applied, all correlations cited below were sipficant at P< 0.001. Table 1 shows the rates for each type of event and the UPA and MINI scores for each London borough. In the years 1993-1996, there were 612 homicides and 2734 suicides in the 32 boroughs. These equate to London average annual rates of 2.3 homicides (95% CI 1.7-2.9) and 10.1 suicides (95% CI 9.4-10.9) per 100 000 population. For England and Wales, the average annual rates for the same four years were 1.4 homicides and 10.9 suicides per 100 000. The coroners' average annual homicide rates for the 32 London boroughs ranged from 0.43 to 6.13 per 100 000, a 14.3-fold range, while the suicide rates ranged from 4.69 to 20.83 per 100 000, a 4.4-fold range. Police-recorded rates for interpersonal violence for the three years 1995-1997 showed a mean annual rate per 100 000 of 664.8 (95% CI 557.1-772.5) with a 6.6-fold range, from 208.6 to 1376.4 per 100 000. The police and coroners' homicide rates correlated across the 32 boroughs (-0.88, 99% CI 0.72-0.95), supporting the validity of these measures (Fig. 1) . Police-recorded rates for interpersonal violence correlated linearly with coroners' homicide rates (r=0.80, 99% CI 0.55-0.92) and with suicide rates (-0.74, 99% CI 0.44-0.89), suggesting that the recorded rate of interpersonal violence, although undoubtedly an underestimate, is a systematic underestimate (Figs 2 and 3 ). Homicide and suicide rates had a strong linear correlation (-0.81, 99% CI 0.57-0.92) (Fig. 4) . Highest rates occurred in citycentre boroughs.
RESULTS
There were strong correlations between population density and homicide (-0.79, 99% cI 0.534.91) (Fig. S) , suicide (-0.76, 99% CI 0.48-0.90) (Fig. 6 ) and recorded interpersonal violence (-0.70, 99% CI 0.37-0.87) (Fig. 7 ). These were exponential rather than linear relationships, with steep rises in rates above a population density of 50 per hectare. The Jarman UPA score 0.55-0.92) (Fig. lo) , with exponential rises above 110. Census measures reflecting poor housing, poverty and unemployment were all highly correlated with homicide and suicide rates, as were the proportions of single, widowed or divorced people, one-parent families, or those in temporary lodgings. Ethnicity and the proportions aged over 65 and under five were not correlated with any of the types of violent event.
Dividing the populations of each borough into age bands (0-14, 15-24, 25-34, 35-44, 45-54, 55-64 and 65 and over) revealed a strong positive correlation between the proportion aged 25-34 and homicide (r=0.80, 99% CI 0.55-0.92), suicide (-0.82, 99% CI 0.59-0.93), interpersonal violence (r=0.70, 99% CI 0.37-0.87) and population density (-0.85, 99% CI 0.65-0.94). There were weaker positive correlations with the age group 15-24, and weak negative correlations with all other age groups.
When tests of covariance were applied, controlling for the proportion of those aged 25-34, the Pearson partial correlations remained significant between homicide and suicide (~0 . 6 0~9 9 % CI 0.21-0.83), homicide and interpersonal violence (r=0.66, 99% CI 0.30-0.85) and suicide and interpersonal violence (r=0.47, 99% CI 0.03-0.76). The partial correlations of the MINI score remained significant with homicide (r=0.55, 99% CI 0.14-0.80), suicide (r= 0.51,99% CI 0.08-0.78) and interpersonal violence (-0.58, 99% CI 0.18-0.82). Covarying for the MINI deprivation score, however, reduced the correlation of homicide and suicide to -0.47 (99% CI 0.03-0.76) and that of homicide and interpersonal violence to -0.46 (99% CI 0.02-0.75), with interpersonal violence, homicide and suicide no longer significantly associated with population density or age structure. The MINI score accounts for most although not all of the local variation in rates of interpersonal violence, homicide and suicide.
DISCUSSION
This is an ecological study, describing organisms (people) in their environment (Morgenstern, 1998). As such, no causal connections can be inferred from any of the associations observed. Ecological studies are useful in relating the spatial and social environment to the spread of disease and disorder (Wallace & Wallace, 1997) or for relating risk and behaviour (Wilson & Daly, 1997). These observations raise many questions for further research and have some relevance to policy for mental health services. Because only approximately 10% of homicide suspects are known to commit suicide (Taylor & Gunn, 1999), cases of homicide followed by suicide could not account for the strength of the associations observed; neither could homicidesuicides account for the associations between suicide and interpersonal violence generally. Deprivation, as reflected by the h4INI score, does account for much, although not all, of the covariance and correlation of the rates of interpersonal violence, homicide and suicide. 
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Utility of measuring local rates of violence and suicide
Although the measurement of suicide rates has been extensively studied, the measurement of violence rates is less well described. Population rates of interpersonal violence are notoriously difficult to measure, with domestic violence particularly underreported (Mayhew et al, 1993) ; indirect measures and indices that correlate with rates of violence may therefore be of use in planning and delivering services. Homicide is unlikely to be underreported, although police-recorded homicide figures are usually higher than those for officially recorded convictions for homicide (Bowden, 1990) . This makes the validity of conviction rates for homicide doubtful, while police-recorded rates for homicide may be regarded as unreliable for administrative reasons. We have shown that coroners' homicide rates correlate closely with police-recorded homicide rates, suggesting that both are valid measures, with coroners' rates likely to be the 'gold standard'. The linear relationship between coroners' homicide rates and the rates of police-recorded interpersonal violence suggests that the recorded violence rate is a valid index, even though systematically underestimated, and is therefore a reliable index of the total violence in a district. The close correlation between violence and suicide and the wide range of rates across London suggest that both violence and suicide rates reflect local environmental or demographic factors, although the correlation persists when controlling for some such factors. The correlations with population density, with the propomon of the population aged 24-35 and particularly with indices of social deprivation suggest that these environmental factors are related also to local variations in mental health. However, some inner-London boroughs have lower rates for homicide and suicide than expected, given their high deprivation scores and population density. This may be because of some unmeasured protective factor such as social cohesion (Sampson et al, 1997) . Future studies should attempt to identify the mom important elements of the social milieu subsumed within the currently used indices of deprivation, which appear to conflate poverty and lack of social cohesion. Although income inequality and social cohesion are related to violence (Kawachi & Kennedy, 1997) , research is required to determine whether poverty and social cohesion are equally linked in all communities.
Significance for people with mental illness
The risk of violent confrontations for those living in inner-London boroughs is higher than for outer-London boroughs, and this is known to have a dispropomonate effect on the fear of crime for some groups (Hough, 1995) . This burden of fear is likely to be most heavily felt by vulnerable people with mental illness, particularly those living in 'sump' estates where deprivation and population density are highest. High local suicide rates may also have adverse local effects owing to clustering of cases by copying (the 'Werther' effect) but corresponding also to the 'feedback' effect in relation to violence described by Wilson & Daly (1997) . It follows that patients discharged from psychiatric hospitals to inner-city environments may be exposed to greater risks of relapse, and greater levels of provocation to violence, than those discharged to rural or suburban boroughs.
Implications for mental health services
Homicides by people with mental illness and suicide rates are now regarded as measures of the success or failure of mental health services and policies (Appleby, 1997; Department of Health, 1998) . It does not follow that all homicides and suicides are necessarily within the scope of preventive programmes or existing services. Homicide is still a rare event in England and Wales, but interpersonal violence is common; and violence, pamcularly domestic violence, is now regarded as a public health issue (Calman, 1997) . The ranges in rates for homicide, violence and suicide are much wider than the range suggested by the composite indices of deprivation. These real measures increase exponentially at higher population densities, while the deprivation indices derive from linear assumptions. It is also likely that rates measured in the community, such as the rates of violence and suicide, are better guides to population need than measures based on current service use and current service provision. Real measures, particularly the recorded rates of violence, are easily obtainable annually. Indices of social deprivation have recently been correlated with the use of secure psychiatric beds, with an exponential rise in the most deprived areas (Coid, 1998) . These data, which show an exponential rise in violence rates in the most deprived boroughs, suggest that the local rate of interpersonal violence is likely to be related to need for secure psychiatric beds independently of current availability. A tendency towards more risk-averse practice has already been observed in such 'high-risk' boroughs, which would further increase the need for such beds. Violence and suicide rates should be a guide to the targeting of preventive services and the adequate resourcing of mental health services according to population-based need.
Further research
Variation in the 'ambient' level of risk of violence and suicide should be taken into account when comparing outcomes between local services and when designing research to compare outcomes for different models of service delivery. Some models of service delivery may be more appropriate than others for inner-city environments.
It is generally held that although overall homicide rates vary widely between countries, the abnormal homicide rate (that due to mental illness) is relatively constant when comparing at the national level (Coid, 1983) . Further research is now required to examine whether people with mental illness, whether in touch with services or not, account for a fixed rate of homicides and suicides independent of local variation, or a constant propomon of local rates, or an increasing propomon of the rate in inner cities. The use of coroners' cases of homicide as the denominator, rather than numbers of convictions, would be an essential part of such a study. 
